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""y. i^m.^h.a^ 7. .," r °' ' paper 

Z7.zi:rzi:7: " ^^^^-^ ----- 

«pabXe Of producing . dendritlcT, / '"^'"'^ ^' 
"ei*tof,r„tertHa„,,rLt„: Tr ' 
• nucleophillc displacement r,.=Uo„ "'"'"'"^ "'^"^ 

to produce, a«er two st^eH "lu ° core 
coined -erbor,!" „ith .oleouiar ..i'^ '^ ' ""'"""^ 
for ..a„pae, ;^„„„, / ;;^">'=» »f up to 1600 Daltons. 

^,;."u..,a:dZ;or::: r.::,^^ 
-reHo™: — ^^^^^ 

■•.857,5s,,. such ".t,rbur;t: loi'" -.'37,550, and 

'pprcac. .uii.,„, ' ^^--^-^ 

extremities. towards its 

pa:::t^;T'^I;.t;^rr^°^ — . 

approach to produce dend'ritifl'irr "I'n 'JT' 

in the outer °ortr::ritTc%™.-"--- 

once fcr^ed whatever method, the dendritic pollers have 
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many uses such hb r,«T 

gen,tl= Betorlals, etc i„ »l^«>etic enzymes and 

"1 6. linos 60-13 USM to'", 5.041,516, ,t columns 5 

fetation Of ..=r= JlsJiTs rr"° ^-lu^e the 
■■barb.lls.., ".cnot.. ° e , ' i'^-tltlable shape, such as 

however, very ll„ited as V I ■'i==losure Is, 

example, wl^resptt ,^^=1 iT '° For 

~ such a shU ~=;o": zzzf°:r °' '° 
:i:\::„TrerarTorrv-^~^^^^ 

^is procedure /s /iscl^arr T/lUsTr 

I^^c^e ~r,a™: " ^ ' ^ 

COOK groups „Uh a sCi: ilcohoT ""^'^ "^^^'^ 

-sed dlalcohol. .hl^ Is'tre:^.: ZTTT 

In Example IX. Mo other ' ^"^l- '""i 

"herproc re luZZT \ '"^ ^ 

»acromolecule shapes »Pe=lfic,Uy disclosed 

Tomalia et al u.s. Pat m« x ^« 
Shaped maoromolecules SoJl; ""ain 
<ii==losed as useful shaoi . ?' ''^'"^^ .i.ndrim.rs are 

-t. Hos. 4.ss.,r/,rn7r.T::s':ir-chT"' 

dendritic ar^ onto a UJI d ;o";" 

-titc:~- - c^inrri" - 
=^ the present lotion to ^^:::;^::.z:::^ ^ 

^rtrrorrui'sSper"^ -"-^ — - ~. 

— 
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especially those prepared by th. . 

disclosed in U.S. Patent Do =='"«'^9ent grcvth Method as 

herein by reference, mv b."' ""i""" 1= incorporated 

located at both th, focal Jrr"' 

ends Of the molecule ..n.„„ • " P'^'P^ery or chain 

herein refers to any and " P^lVmer" as used 

e let ,e„er,tLr.Zrr^r « -l^ers 
dendritic polymer. They also , generation 
TagBents that are attached t ■''"■^Mc wedges or 

"-^ir ^ocal points. tey aLo' 7^^:"*°"- through 
P-uced by Whatever ^ethL" no rdint"^!:;;::"? 
" those disclosed by T=„.X1. et .1 u s pt " ' 
By lesign, the reactive sites on the dend ' 
- different and are available for furth '" '"^ 
such reactions can be desijld t . """"^"^ reaction, 

oe the de„dri.er only T. , " P"'"' 

-=el point and the periphrr^ 7r "at " ""f' °' " 
different reaction at the oth«'. '""""'^ « 

invi™snTjri:r;r^^^^ - - p-- 

^rag„ents at either end of ^e "7°"°"="^' ^-^"^ ^"aritic 
connected together at the V , fragments are 

'-table co„„lot:;?„b ,utt suT' T "^'"^^ ^ ' 
"ice. AS defined herein 'foli ^ " ' """" P°'^« - th. 
Is used to refer to th " °' " """ritlc molecule 

"1 Of therrchretnirgr^r"""""'"'™'-'-- 

three-dimensional -tree-Uke" t ' "^'"^ « 

point is U,e the base of ^^e t T * ^'"""l"". ".e focal 
an the branches con^^e s^h ' "'^ 

from th. .barbell. sh.p« disci! T!" °" "«««t 

m that the only -barbell. " 

- formed by cZ.,..,T.J:ZZltTZTT'' 

not at their fecal points. »«rfaces, 

Another novel shape according to the present invention Is a 



wo 93/21259 



PCr/US93/03516 



"kite" shaped macromolecme whios 

polinner attached at its foe 1 ^^"^"^^'"^ «»,prises a dendritic 
-ch as a linear polymer or a coIm T ' '""^ ^""^ 
another straight chaTn sls^^r °" °' " ''""^ ^^^^^ 

structures .ay te foLT^ "' ^^^^-^ively, jcite shaped 

.-PS to ^n:::j:r:/r.z::T' r "-^ 

point. dendritic polymer rather than the 

Another novel structure which Tn;,^, v, 

".ononer. "ononer with a vinyl macro- 

Tl>e present Invention also dlsclo... 
process for producing a .^ot" s^r , ^°^'»«^""'>" 
^-aritic polype., Un^sCetntCaTrt: 

11 — r 

-lecules„lli^ Jl^7^^^'='J^«°f^' -^>*i"ty, of the 
»»lr us, in sp«clair».Jll r "l"" 
such as dru, L W ''"'"'^''^"l .PPiications 

-ices, -in%il,.e:?J i-J^ -^^^^ --ar 

compatibilizers, rheolom. ^ ^oaifiers, transport agents, 

-«=al i.a,in, a,ents. leL^^n. a I ^TJH 

agents, and the like. »odifiera, complexing 

-Crirr:::e~ ructions o. 
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Mo„a.ulc poZ„,,„ ?/,;'r"^°" °' P«=e„t invention, 
.11 generation, of as„.rit"c "do '° 

«a".ple, the ten.. '° -l-"le=. .or 




nd Boleoules of forauls 
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Th.y also include "starbu>-»f.. 
4,857,599, 4,507,466 . , ""^i™"" « "-S- Patent K=. 

4,737,550, each Of vhichu L: - = 4,587,32, and 

descrlMn, the invention ail r??"" "^-rence. i„ 

-presented t.e ^ene^ic i;:*^'''"^ 

:rLTe:r '° ~ 

PCi^t at the pointed a„,Sr L T " """^ ' ""'^ 

represents either (i, a dl^drlt , """^ '"^"^ "''•^^-> 

-vth through atta'ohrt r :e:tr LTAr —^-^ 

»-d,es to a central core whether '■'■"''^"i= fragments or 

- not, or Cii, a etarhj ^tl^'er'"^"^ ^= 

p«z/~:urie:rrsh'' - - 

"--reto. While it is pr^el, " ="istlt.e„ts attached 

^-^ritic pollers h/L™ 1^'°"'' '° 
"•S. Patent No. 5,041 516 T.TTf " '»»=«U'ed in 

any suitahie .etlt^ ta^Tin T '"''"'^ "'^ ^"""'^ 
approach as described to.^ 'lZ,T 

4.587,329 end 4,737,550. 4,568.737, 

The convergent gro»th method, however 1. 
because it permlte the precis. Presently preferred 

periphery functional grcupf "ic^IsT °' '""^ 
certain shaped Mac" Zrie. '° 

- L^renfirxT".,::::^ 

«ule Of the general formula 3, -acrcol- 
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polymethacrvlaJ Polyethylene glycol, polyacrylate, 

P ymethacrylate, polysulfone, polyetherketone, polyacetal 

POIyo.„oUne, polypLsp"!::: 
po^yailoxane, polyanhydride, polvurethanA , w 

monomers such as vinyl acetate, vinyl chlorlH» , 

Ph represents a phenyl group, whllp ^h= » yy^^ca-cion, 
°r -0C0-. These and other similarly useful ,a«iUes ot pi J" 

-well .„„^ ^^^^^^^ text^oi r: 

ft i n^Blnf. nf P, l „ern n t 1r m . third edition by seora.^- 
(Mlley-lntersoienoe, 13,1, (,o»„«s < ' 

-.ed . .ne„ and ..c'. :;i^:r^^::;firrisr ' 



"herein A, „a as described previously. 
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K 

wherein -^.wwv- is a Hn 

Wherein the structure: " ^ascribed previously , 




structure „ay .ave „ore 'or Xets tir^T'^r '"^ ^^^^ 

suitable functional groups X IL. f """'^^^""^^ ^""ps x. 



Alternately a similar "kite" 
formula 6: ^^''^^ represented by the general 




the lite. Exanple, -£ th,. I °^'™J'" ==2™. CHO, B(OH), and 
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Another macroraolecule sh,r, 

"herein A and -ww^ .„ „ ^ 

the s,„. or "rUrl„T tvo . 

Still another "barbell" . 
barbell of the .onnu.a a: " ^ ^^^^^""^ ^-^^itic poller 



Wherein the structure: 





5A 



no.,, ^^^^^^^ 
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invention is a "trl-Ki . ,. 



wherein F r. 

giycol, polyecrylate, p„,™.^: ^^"f"^*""' Polyethylene 
P= y«her.eto„.. police ex, HlmlT'' 

«=ne, polyp.e„,,,„,, Polysacl'r' ^"^"^'^-"e, poly.„. 

^«ive. ro„L;s"t',rr'''"^^'>^^poiy»e.s 

=l.l=riae, aorylonitrile or vlnv, . "'^ vinyl 

IS as shown in formula 9A: 



»>.e«ln ^ „ ^^^^^^^ 



StUl Mother shaped denirt,-, 
-=ro„oleo„le of the ,e,„al fori "a 7:7°""''° ^' ' 




"herein „ le „ j 
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The novel dendrifc<n 
invention ™ay be pren^.J ^' ^^^^^ °^ the 

present 

reaction sche.es. The l^t. "r""^"'"' ">« £oll„„i„, general 

.cco..„, rrutrherr* °' ^ - 

Enaction ^nj^^^^ J 




wherein -wv^ , a = i • 

^ and . are .roups r:a::::r J:;^:;",--^--^ and 
^-oup A and May be selected fro. 1 '° ^"^^"^ 
. -id, acid Chloride, a.ine lo;:!;:^^^^ V^""' 

aldehyde, ,,etone, ester thT 1 . ^ ^^^^^^^ 

alkoxide, carboxylate, Grilnard P^^"°i«te, carbanion, 

and the li.e. Jeacti;: ,:::;: 17^' 

selected for their ability ^o real . 

fragments that are attached to " e/ Z""" ' 

coupling reactions that are wen «ar,pies of 

below. well-known in the art are given 

Coupling of the dendritic «nH ^ ^ 

a „„^„ reectio:: ,:r. -^-'^ ^« --leve. 

produced ,i, by the reaction of ,7 ', "">■ 
i" the presence of a cataY"t . " " """ol 

(Ul by reaction of . carlo "l /' ^^"«*yl-ino pyrldm., 

-U^e in th. present 'o";ols?r ca": " 

e-to„e heated at refl«, or "Hv """"""^ 

"ter with an alcohol at ^oo-c ,„d hi h'"""'"'""""" 

« a catalyst such as cohalt acA t"""" ^"""^^ 

^. produced hy similar reactions a o eta-rlfT": 

>n amine In place of the alcoho, . "'«"l<=etlon, but using 

■-^U^e vlth an aUo.lde or artxlde " " 

^ ~e or ..rurir;e':r:: — 
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by reaction ot ^ 

respectively, i„ presence . " °' ^-">i°=yanate, 

ail.„„te. Mtemetively, ''T ''" '"^ " 

echieveo through coupn ' of . " ? " """-ctions t,, 
"otMooyenate. respecti^" - 
are well-to,„^ ^ and o.„ K . reactions 

^-^ritic poller containing ^/^etl",':^'!' '^"^"'''^ ^ tHe 
'fe product Of scheme i ^ff "T , 'i^e 

--Pie. reaction of the carLion^ri, ^« ' 

»=yl .aiide, aldehyde. iso^Tnate ett""°'^""°"' " 
looted at the focal point oTth. dendrf " """^'"^ 
-=lec„le „ith a .etone, alcohol 2Z ' ""^^^^ 

respectively. These reactions are'de J " """'^"^ ""k'^'- 
" £tott.Syott^, Z Paul r ''"^"'^ 

edition, hy 'o^aT^ollJ^r^tTS^™^ 
^==^-rto'rti~:r - ~ > »ay he p 



wherein x and Z ara rea,,*.* 

-ct With each other CtZ'uZ'T ' 
-r the process is the sa.e ast/::,., 

Starburst palymer fcf+-^ u 
-crdin, to Hea^tion sir";." = ^« P«Pa- 
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1) CH3=CHCOOCH3 

2) HjNCHjCH^NHj 




a dendritic polymer by this diver '^^^^--i- of 

linear poIy„er vith a ^active ^^"^ ^ 
produces a structure such a hat IL^"-" ^^^^^^^ 
Any existing divergent synthesis as d 3. 

be employed to incorporate "ff '^' ^^^-^^-^ 

-a.ple, in Reaction Sche»^ 3 th^ act""' ""^^^ 
^in^ar poly„er in which x»nh with n > terminated 
^2) ethylene diamine to ^LI . "^'^^^^ ^'=^^«te and then 

"t.=hea to the M„e„ p!i^J generation dendriner 

"q^entlal reaction, ,i, ™1» Process of 

l.r,er .enaritlc po, Jri b1 ""'"'^ P"c>„ce 

a) -etnn a=r.ute'^,„"-tlt "ret",' °' 
a-iaitlonal generation denanJr. ' "'""'"^ '^'^ an 

Reaction Scheme iv do=^,.^w 
•-p. for.„i. P'oouction Of th, t.r.eil 



Reaetfon ff7hnilP TV 



"-teU — --nin, one 

"^-.roup . at eacn chain Zl T. , ' 

• • z ^wwvA. Z, With X and z 
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reactions that can be useHr "^^^^^ -"P^^"^ 

only difference bein. Zt Tin^e T""'"'" ^^^^^ ^ 
both ends Of a telechelic l' , «-tions „ust occur at 

macrcmolecule of formula 5 exo.»l< ^ * ^^"'J'^itlo 

-^^^:=^rr:~""— ^^^^ 



-I- 2 2 



Unear poly„er as recited previously. 
Alternatively, Reaction Sche., vi-b ^y „3,,, 



1 z 



Wherein the linear poly^ners 

from each other and may each be sel«o^ — - are different 
°f linear poly„,ers. Previous list 

Reaction Scheme vi-b sho.,= ^-u 

Shows the production of trlhlock 
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structures of formula 9 wherein X x „ 

selected from the same grouns aU " ^ ''^ different but 

reaction is accomplished in tlol ' ' °' ''^^^"^ ^he 

Of X, With w . whill x d ''^'"'"^ "''^ ^ 

involves coupling of v with z "'^""^ ^^^^ 

amine, w an isocyanate x ' ^1 

-^ternately, z may L a JoronicTr' ^ ^^^-i^^e. 

Phenolate, and w a b.. , ' ^" ^^mide x a 

possibilities for thrcrpun™; ~3 'otl: 

description after Heac\tn%chr:r' ^""^ " ^" 

-::::th™--^ - - ~ --a . i. 




"herein n, m a„a r 

polymerization of ti,; two viVrr"' ""'-'l.. «.n.=. 

.«unt Of „x,„, J ^» two „o„o..r= in .„ ,^,1 

=-all ,«unt. such .s l ^.oie , . , '"'^■^>"'""'"„. .a«„, , 
" «=bisl,obutyro„itrile or' ben, """^ ^""i'tor, such 
»i«ure beatin, it to ,s-c T ">« 

"ixture, then precipitating ►k ' ^'Hng the 

dissolve. The =opoly„«t,ation f f ==P°ly»er does not 

aM reported in textfoo^ ^ r '"^ »« 

interscience 196, "^^^^^^^^a^bS^^ 
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The present invention ia ^. . 

producing certain other Lot, K P-ceeses for 

A representative e,e.ple of =uch a structure is as follows: 



IIZZIV'^ ' ..=ro.olecule is s.c™ i„ Reaction 

Reactfnti gr-^^^T- V^rx 




"herein and R, ar, different and .utually reactive .„d p. i 
a reactive group such as cooH, OH COOCH. I^.:^^ 
carboxylate, HCO. halo,en. or ai^' ^^.JTZ i ' 
reactive group sue. a. COOH, o„, COOCH,. »co, ort" eteja.!' 

jr a one step process are synthesized. 
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wherein each ^ ^ ^ 

P= ysty„n,, p„Ji,,„,„„.^^ • U"ear ^^^^ 

P"yol.,in, polyethylene gly=o, ™, Polycerbonete, 

vi„yi p„,„„, • polysaccharide, .„a 

•"tate, vinyl chlcrUe, acryirritriT """""^ " ^'"^ 

"yrene, x and z are ^uiuaUy r !f ° ""^ =»rbazole. „r 

"-"om p e^ala or exceeds .leT:: '" ^ 

n"*er of x group,. ^ o^„„ " =°""P="<'s to the 

or in ieee.r a„ount. IZ lZ "l 

'"ctlon ti„e, are ganeraUy l! / "d th. 



The tollowln, «„.pi„ d«.„„,tr,te th 
-orcolecule, covered by the 1' ^"'""="'"' « 'Pedfio 
»P-ifl= reaction,. They arronirmt T"" -^"^ 
V"lo„, procedure, which T. „,ed ! " " 
»acro.olecular architecture, vLl.tl '° . varlou, 
« ««erent „ dendrller " ^^--P-^tlon 

^endrl.er,, ai«ere„t len^ro" n « 
c-e^ical etruotura, « the line r „ l'" «««'" 
- are by „el,ht unle::7thrr:r,:ried."' 
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Preparation of Pe^ipj, ^^^^^21^ 

Dendri^er Block Copcly„7;3VteT' Poly Cothylene ^lycol,- 
fKlte Shape, Scheme Ii) (pig. 

"^^^^urTTTS^^G^^ compound i 

heated at reflu. un J 'j,' ""^ — (50 »L) was 

prepared by the reacting " Dendrlmer CN-[g-3j- Br is 

specific co:pcrd°^~7°''"' ^^'^'^^ ^'^^^'-Xe 

--..^:":er;^^^^^^^^^^ i - --e. et 

mixture „M evaporated to arv^ ™» ««ction 

partitioned between methylene =ul^n!;™r'' 

extracted with CH^cl ,3 .q«=us layer 

extracts „,re dried o4r „,so and '^^ "^""^ '^>'=h 

product was purified by "uel ^ in vacuo, 

•.exa„es/CH,cl,to give the titl! *"°"'"°'"P''l' =luti„, „ith 5, 
yield 2 « » "lorlew glass: 

^-dioxane <io was added "Thvd "'^ 

Potassiu. hydroxide g diUi ed^T " 
nixture was heated at reflux ana th.^ ^' ' 
one-Phase Mixture was rorZ Z , J", ' '""'^ ' 
'>"<=ed at reflux ovemi^hr T' '"""^« 
5i-tal acetic acid, evaporr.rto 1 "^"^ 
between chloroform and wat« 1 P««itioned 
"1th chloroform ox 25 ^, aM tT. c'lT'" -"""'^ 
dried over „,so. and conci,tLtri 

"ee purified by flash ^^'^ '^"^ Product 

gradually in=r Jsing":: Tl^I^ 
compound as a colorless glass: yie!^^3»; ' 
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hot oil t.th ,„a v.c„r\T "'"^ ' '"-^ 

The reaction „a! .o'.l 1= 

*ro.ato,„phy. reaction !! " P»".ation 

tetrahyar,.„ran, ane puri/ie/I" - 

precipitation into JtLnoi a'/tT'' -to Hexanea, 

""tin, .it. C„,CX, ^raauaii, il" =""-to,rapny 

- - — P-- . L a r::Lr\v::ar;sir 



^reparation of Focal P , f^*^ 

oarbonat, (o.2l M "^' "-"'-oD. Potasei™. 

o.l, „oI. 0., .,^i,., ;„ -ll^'"-' "0 »-cro™-5 ,0.04 
-"er for 16 h. The atartln, " 

p'^e co^ouna 

residue was partitioned betwlenTt ' 'he 

The a^,o„. i,,„ extra^d 

extract, „.r. dried o^o /"'"' '"'^ 
The product 4 "'P^reted to dry„.e.. 

to ,i.e aV?xr:Lr''"r:r 



Into a 25 nL ronnri t,«4.4. 

Compound 9 

bottom flas, ec,uipped with a hot oil bath, 
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stir bar, and vacuum tak&~a-p-f ^ 

tetrahydrate (o.i'g o' 4 J ^ ' '"^ -^=-1^(11) acetate 

the 210. c hot oil bath annT T ''^^ ^'^^"^ 

The reaction wat InTt . ' '''"'"^ 

,n/^^'Vl,r\ \ ■ into 

r chroMtography elutin, with a3.a 

s as a tan colored glass: yield 80%. 



EXAMPr.B T 

Shape, sche.e I, (^rr (Kite 
To a mixture of rG-4i-Br in n 

~- as in .JJ.,l^:\j,v ^ 

in THF at room temperature was added sodium hydride (oos' 
2.5 mmol, 4.2 eguiv.). The reaction fixture was stil' : 
room temperature under N Th« n^«« stirred at 

monitored by size I Ji' i " 

cy Size exclusion chromatography, which ch„„-^ 

LT"?' ai..pp..„„e. the etartinl -It^ials ./tH 
afford th. desired product u 1^^^ '° 
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IV) (Fig. 4) 



r^ixtuTTrTG^^ compound 12 

donate (0.45 / , ^0-25 g, l- 5 »™ol) , potassium car- 

0.3 ™.ol, 0.2 equ'ilTl' 13-crown-6 (0.O8 g, 

for 16 h. iTe startlnrrr? 

^=tr;;;;::;d"^^^^^^^^^^^ - 

partitioned between water .nrt „ »k , ° r«idue w„ 

lay., wae e^trectea wit CH ox 'l'"' ''T'^ 
-«e dried „„,r „,so. end etttCt.? o^Crs^^r'"'"' 
ii "as purified by ne=h =hrc.atc,raphy ei^tlna'w.H' """"^ 
C=-3J-C00„e as a coicnees /lass: yield /s, "^"^ '° 

expound u 

"ir bar, and vacuum talce-T« . ! ""^ ' 

(Scientific P»l„e;p,^„,^f';;>' P°ly(=">yle„e ,l,.ol, li 

-trsbydrate (o.OiS o.on;i,T. , """^ 

'a=uu» ,0.03 ™ B„ was achieved th. ' f"^' 

heated at aio-c with £tlrr(„ . "action mixture was 

"onitored by J !ir..ti / " "'^'^ ""='1°" 

"i«ur.wa.di,Lxv:n:t\tL,rdr'™- 

cipuation into hexanes" precTpCtir"/ t"' '"'"'^ 
flash Chromatography eiuti™ t^" 

to 10, ether/S^ol, to tiv. 1:':^, '"^"'^^^ ^—"1". 

colored glass, '"^"'^ M, as a tan 



EXMPr.l! 

Preparation or Dendrim.r-Polyr.thvl.n. , ,, 

via -er-.rml„/:ear:r:;~^^^^^^^^^^ 
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IV) CFig. 5) 



ft, Rq3n1-ion 4;^;,^^^ 

at both ends with ^yLZl ZT ' ^ tennlhated 

weight distribution cTosw^^^^^^ ''""'"^ 

0.31 g PEG T »°lecmar weight 3,000 was 

0- . o/tjjr dir:i^T~^-- 

reaction ...t Je rj;d"t'e:fct;7sr" ^^-^^-^^ 
atmosphere. The reaction ™iv^ ^" ""'^^^ 

Polyethylene glycol rPFri v 

-ther linker j,.,,.,^ Jl^t , '^'^ 

was 69%. "-The yleia „f purified product 
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5 mL of water) . The mixt 

»n=l „,s added until a ZllZ " 

-aporatea to dryness, ,„d " -.rnlght. 

The „^e=„, 1 ye" „ ' , """"" '"^oro^om end 

concentrated. The Zl ' °" '"^"'> — 

"her/c„,cl, to ,lve the tiUe c " '° 

yield S4%. a colorless 



ho.opoly,eri„d et 00 c: e„d T ''^ ° "-"-oD, 
"action „l«„e „,s dissolved l" t^t 'l " 
P«=.pit.ted into hexanes to ,lve the .f"""^^"^"""- and 
tan colored glass: yUla „ compound as a 

■ ■ ""'"OO, H^. 180,000. 



PolZrl^utleZUVrrrrea^ "^-^c 
e^lp»e„t, solvent and r,a,.„t. t;""' "■o-,Klydry 
carried out at -ys-c In thf Invl, . ""^^"i""'" of atyren, 

ora„,.-r.dUvl„,po°y. " °' ""'"1" i" THr. ,he 

.tl„i„, .ItS a' o "d . /„tTo" 
ia 1" ™F to ,lv. a sa,htly yeiiot s , M " ' " 
"irred at -jo-c £„ one hoL V. "i""" «" 

The usnal wor Tv. s ^"en" " 
after addition of a s»all aT' t ! ' " 

precipitated fro, THrinto TetTan T r*"""' ' 
^»arl„er end-capped polZ ^ ^^'^ ^ 
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The reaction was r.o>-* 
squipnsnt, solvent In^ ""^"k-s-ls usln, thoroughly dry 

a living polystyrene which iji,. t, "forded 

•niohicends C Jth ena: t/ .het:.iT^^^^ 
P=ly«ar (dendritic polyether-notv t "^=='>«"= triblooc co- 
Obtained by JinaTe J f ""mher, 
Havin, . reectiv. brorde^X^^t", -^^et^er 
living t„o-.nded polystyrlne ,,1!^ '° 
^i-ely ,s the reaction 'rrrs^" T^ertl' 

lescrlbed m Example 7 faddition " 
and precipitation £ro„ Tap iltl ' °' -""=1 

(aendrltio Polyether poZt^ren! d TV ' "'^'"^ '''"-'^ 
2a was obtained. ^"^'"^""'-^eh^ritlc polyether, poly„,r 



Preparation ot Dand,-(+(„ ' 

«acro.,no.er with Cl ""^'"^^ ""^1 

and 9C, """"""^ VII) (Figs. «, ,B, 

"a:r Toucts~:ortir rr °' 

e-ivs., ^--hzydi«mi°i:'^;rdf; '^-"^ 

(60» dispersion in oU, n 30 T "l'^-^"' 
"i«ed at room t.^rtlZl ^ ' ^- -'-tion 
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hydrolyzed, and evaporated to . 

partitioned between water and "^"^^^^ "^^^ue was 

extracted with CH,ci (2 v» ^"'"^^^ ^"'^ aqueous layer 

(Hg.SO,) and ^vapora*ted''L°T"''^ ^'"^ 

~- ~ ^^--^^rirurd ;eir 
-^:e::::ri~;ai::^-- c.-.-o„ a^ 

C^-OJ-OH is compound 13 paa! L . ^^^^ ''''' 

page 7646. ^ ^"'^ tG-5]-0H is compound 15 

^^^f^f^^f-^^^^^ compound ^ 

This was prepared from [g-bi-oh p-, ^ 
Chromatography eluting with 23! "^^^ 
creasing to CH,Ci to give Ta. ^^^^^^^^^^^^ gradually in- 

5.89%). * ''lu"iooOi5 requires C, 80.07; H 



Tm^^ ' I'? t I qrvr f ng ; compound 26 

This was prepared from [0-41 -oh . 
Chromatography eluting with 13! ^ ''"''^^^"^ ^^"^ 
creasing to CH,C1, to give 26 ai ^^"'"'''"^^'^ gradually in- 
C, 79!5;; H S .f IV;'"^^"^^"- ^^^^^ ^3%; 
5.80%). ' ^"l5«°3l requires c, 79.65; H, 

Thi« "^Vrffng r Compound ^8 

This was prepared from [G-51-OH 27 . 
Chromatography eluting with 1 3 h '^^^^ 
creasing to CH,C1, to glve^/;' hexane/CH,ci, gradually in- 

5.75%). ^iico'^MPa requires c, 79.44,. H, 



wo 93/21259 

PCr/US93/03516 



.r,cn for 25 L ' 1 "^"'^ " ^'.i.r 

inl hLl the P-iP^tated 

All other copoljnnerization were carried out using a simil.. 

~re, ,,,, ^^^^^^^ molecular vliU : 

(polystyrene standards) are shown in Table i. 
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represented bv for!,,,. , " ' """-l-.nslcn,! kite 



or by formula 4: 
Wherein 



=H(OH), s. SO ■ 

or Ph. " "^^ff").. CH,CH(Ph,CH,. CK-CH. 

ate, pointer ,T °' - Polycarbon- 

Po.yet.uL ;.,er"t; 

p. ~:; 

4. The Meromoleoule of clala l, wherein th. 
is polyethyxene ,x,col and A is cS " 

= • The .acro„olecule of Clain l, wherein the linear pol- 
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Wherein -vwwx. is a 

a Ixnear polymer and the structure: 




X 

IS a starburst polymer and y 

y»ar and x is a reactive functional group. 

7. A macropoiymer composed of a sin„To ^ . . 

- - X w p.„s„ rsp^es^r;; rrrj/r- 

9 

TlZl^r -Hic ... ^, „„. 

8. The macromolecule of clal™ ■> 
lnaep.„do„tly selected froMpolyXs'' ""' 

P=lyacryl,t,. ;rij^eCm«e'' glycol, 

P'>aze„..polysilox,„e polyXTrT/e P"m=3- 
e-. polysaccharide, poly Xf^'t;": ^ 

P iy(Vinyl acetate) , poly(vinyl chloride) , 
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polyacrylonitrile or poly (vinyl 



carbazole) . 

9- A macroinolecule of the 




general formma lo- 



polynerliable vinyl „onom«. • 



^^^1. A process .or p„auci„, , ^crc„ole=ul, o. «,e .or.uZa 



=="Pri=i„, poX„,.,,,„, , .u„„«io„« .oi_,. „ ^. 




^ ^^^^^^ ^^^^^^^ ^^^^^^^ ^^^^^^^ 
c-bcxylate, »co, ,.io,„, J."!^"' ^O"".. COO. 
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co.prisl„, r«cti„, , co.pcu„d of the fonnuu, 




Polyox,.ou„e, Po.„.o/,.j:2 l^CCZ' 

polyurethana, polyphenvl.n. P°y="°Mn«. polyartiydride, 

carbazole) ,- and ' ' '■°'>'»"''T"=""rH. orpoly,vi„yi 

"herein p la at least aiout eoual t„ 

<"= aqual to th. nujiiber ot X groups. 

-o:t 7.rr™„T.:di ^ ^ ^ - 

cohol, carbo:,yli: c d a^ld crorT "T'' ''"^ °' - 

-I. sulfonylhallde. a dehyde .etonV t"'' 

late, cartanlon, al^oxida. TarCa tl':; 

=■■.1= aold, and halooen. ""'^l"'' ^-^l^n^rd reagent, bor- 
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THF 



0 



FIG. 3 
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Flo. 5 
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6/11 




0 03 nua 
63%^ 



PIG. 6 
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